The essential oils from inflorescences, fruits and leaves of Phellodendron lavallei Dode were analyzed by GC, GC/MS and 1 H NMR spectroscopy. About 100 compounds were identified. The principal components in the fruit oil were myrcene (47.7-52.0%) and limonene (38.4-40.9%), followed by germacrene D (1.2-3.2%) and (E)-β-caryophyllene (2.4-2.9%). The inflorescence oil contained mainly myrcene (44.8%), limonene (43.2%) and (E)-β-ocimene (4.1%). The main constituents of the leaf oil were limonene (26.7%) myrcene (22.1%), (E,E)-α-farnesene (5.6%) and α-pinene (5.0%). The antibacterial activity was examined towards both Gram-positive and Gram-negative bacteria. The fruit oil showed weak activity against the bacteria tested.
Phellodendron lavallei Dode (Rutaceae) is a medium sized, deciduous tree with thick, corky bark, leathery pinnate leaves, small yellowish-green flowers and pea-sized black, aromatic fruits. The plant is native to east Asia. In Europe and North America it is cultivated in parks and along the roads because of its attractive appearance, high resistance to frost, drought, insects and pollution [1a-c] . Bark of the tree is used in Eastern medicine, due to antiinflammatory, antibacterial, antifungal, antipyretic and hypoglycemic activities. Its leaves are effective antihepatotoxic and antiviral agent. Only few papers have described biologically active substances of this species. Alkaloids (berberine, jatrorrhizine, magnoflorine, palmatine, phellodendrine) and limonoids (limonin, obacunone) were isolated from bark [2a-d] . In leaves, flavonoids (noricariside, phellatin, phellavin) were found [3a,b] . Seeds contained 16% of lipids, including fatty acids (lauric, myristic, isopalmitic, eicosatrienoic) , phospholipids and sterols (ergosterol, stigmasterol, β-sitosterol) [4] .
In the literature there is no data on the essential oil of this species, and for that reason we decided to study the chemical composition of the essential oil from different parts of P. lavallei and the antibacterial activity of its fruit oil. The yields and chemical composition of the oils from fruits, inflorescences and leaves of the plant are presented in Table 1 . The fruits were rich in essential oil (1.0-1.2%). Inflorescences and leaves contained only negligible amounts of oil. About one hundred compounds were identified, representing 98-99% of the oils. The monoterpene hydrocarbons myrcene and limonene were the principal constituents of the oils.
The fruit oil contained mainly myrcene (47.7-52.0%) and limonene (38.4-40.9%), followed by germacrene D (1.2-3.2%) and (E)-βcaryophyllene (2.4-2.9%). Other components occurred in amounts less than 1%. The enantiomeric ratio of limonene was: (R)-(+)limonene (97.3%) : (S)-(-)-limonene (2.7%). The content of essential oil increased during the fruit's development, however, the oil composition varied only slightly at the same time. Drying of fruits had no influence on the yield and composition of the oil. The fruit oil of P. lavallei resembles that of P. sachalinense oil with high amounts of myrcene (50-54%) and limonene (37-40%) [5] . It differs from P. amurense, P. chinense, P. japonicum and P. piriforme oils in that the prominent component is myrcene (62-86%), whereas limonene occurs in concentration of 0.6-2% [6a-d] .
The main constituents of the inflorescence oil were myrcene (44.8%), limonene (43.2%) and (E)-β-ocimene (4.1%). The leaf oil contained mainly limonene (26.7%), myrcene (22.1%), (E,E)-αfarnesene (5.6%) and α-pinene (5.0%). P. lavallei fruit oil inhibited the growth of all tested Gram-positive and Gram-negative standard strains at concentrations between 53.0 µL/mL -67.0 µL/mL. The lowest values of MIC for Enterococcus faecalis ATCC 51299 and E. faecium ATCC 35667 were obtained -54.0 µL/mL and 56 µL/mL, respectively. Slightly more resistant to the oil was Staphylococcus aureus ATCC 433000 with a MIC of 59.0 µL/mL. A similar MIC value (59.0 µL/mL) was found for one of the Gram-negative standard strains -Escherichia coli ATCC 25922. The oil possessed significantly lower antibacterial activity against other Gram-negative bacteria -Klebsiella pneumoniae ATCC 700603 and Acinetobacter baumannii ATCC 19606; the MIC values were 64.0 µL/mL and 67.0 µL/mL, respectively.
The oil of P. lavallei contains large amounts of terpene hydrocarbons, which have rather low antimicrobial activity [7] ; this is why the oil showed weak activity against the bacteria tested. This is the first report on the essential oil of P. lavallei. The fruits of this species, due to their high yield of essential oil and its high content of myrcene and limonene, can be used as a source of natural myrcene and (R)-(+)-limonene. The fresh inflorescences (moisture 75.0%) and fresh leaves (moisture 72.8%) were cut into small pieces, and fresh unripe fruits (moisture 61.3%), fresh ripe fruits (moisture 62.0%) and air-dried for a month ripe fruits (moisture 10.6%) were ground. Each sample of plant material (200 g) was separately hydrodistilled in a Clevenger-type apparatus for 3 h to obtain the essential oil. After decanting and drying over anhydrous MgSO 4 , the oils were stored at low temperature (5ºC) before analysis. The oils had a pale yellow color and intensive terpenic aroma.
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Analysis of the essential oils:
The chemical composition of the oils was determined by chromatographic and spectroscopic methods.
The gas chromatographic (GC) analyses were carried out on a Carlo Erba Instruments HRGC 5300 gas chromatograph operated with a split/splitless injector, a flame ionization detector using an apolar capillary column Rtx-1 (dimethylpolysiloxane), 60 m × 0.25 mm × 0.25 μm film thickness (Restek, Bellafonte, PA, USA), temperature program 50-300°C at 4°C/min, injector temperature 320°C, detector temperature 310°C. Injection volume was 0.08 μL, split ratio 1:13, carrier gas helium with a flow 4 mL/min.
The fruit oil was also analyzed by GC with a capillary column Rtx-β-Dexcst, 30 m × 0.32 mm × 0.25 µm film thickness (Restek, Bellafonte, PA, USA), temperature program 50-220°C at 4°C /min.
The gas chromatography/mass spectrometry (GC/MS) analyses were performed on a Thermo Electron Corporation Trace GC Ultra gas chromatograph equipped with a mass detector DSQ II. The MS operating parameters were: ionization voltage 70 eV, ion source temperature 200°C, mass range 33-420 m/z. Other conditions of the analyses were the same as described under GC analyses. 1 H NMR spectra were obtained on a Bruker DPX 250 Avance spectrophotometer using CDCl 3 as solvent and TMS as a standard.
Additionally, the fruit oil (15.0 g) was vacuum distilled in a Vigreux column to obtain fraction 1 (12.6 g) containing monoterpene hydrocarbons and fraction 2 (1.8 g, residue). Fraction 2 was separated by flash chromatography (FC) on Kieselgel 60, particle size 0.040-0.063 mm (Merck) with n-hexane and increasing amounts of diethyl ether to obtain fractions 2. [8] . Major components of the oil, separated by FC, were additionally identified by comparison of their 1 H NMR spectra with literature data [9a-j] .
A quantitative analysis (expressed as percentage of each component) was carried out by peak area normalization measurements without correction factors.
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Antibacterial activity of the essential oil:
The Gram-positive standard strains: Staphylococcus aureus ATCC 433000, Enterococcus faecalis ATCC 51299, E. faecium ATCC 35667, and Gram-negative: Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 700603, and Acinetobacter baumannii ATCC 19606 came from the collection of the Environmental Biology Department, Medical University of Lodz. The bacteria were cultivated on Columbia Agar (bioMerieux) at 37°C for 24 h under aerobic conditions. The suspensions of bacterial standard strains with an optical density of 0.5MF scale were prepared with a bioMerieux densitometer.
The antibacterial activity of the essential oil from fruits of P. lavallei was investigated by the micro-dilution broth method. The essential oil was diluted in ethanol and used as a stock solution. This stock solution was mixed with a 100 µL Mueller-Hinton Broth (Graso, Poland) to obtain concentrations from 52.0 µL/mL to 68.0 µL/mL. An inoculum containing 1.5•10 8 CFU (10 µL) per well was added to broth with various essential oil concentrations; as well as to broth with no oil added containing only ethanol at concentrations used in the dilutions of oil and were transferred to 96-well microtiter plates. The Minimal Inhibitory Concentration (MIC) was determined as the lowest concentration of oil which inhibits the visible growth of bacteria after 24 h of incubation at 37°C under aerobic conditions.
